In order for telomeres to remain functional and stable, they must rendezvous with the enzyme telomerase in a productive manner. In human cells, this interaction is mediated by Cajal bodies as matchmaker, and now Zhong et al. reveal molecular determinants that establish good chemistry between the two partners.
The stability of telomeres, the ends of eukaryotic chromosomes, depends on the presence of an adequate amount of telomeric repeat DNA. These repeats are iterations of relatively short motifs-in vertebrates (TTAGGG) n -that in some cases constitute kilobases of doublestranded DNA (dsDNA). At the very end, the 3 0 end strand is somewhat longer than the 5 0 end, creating a single-stranded (ss) overhang (Londono-Vallejo and Wellinger, 2012; Figure 1 ). Both the double-and single-stranded portions of telomeric repeat DNA and, at least in vertebrate cells, a particular set of six proteins dubbed the shelterin complex are required for orchestrating the setup of a specialized chromosome terminal domain (de Lange, 2005) . The shelterin proteins are required for all functions ascribed to telomeres, including chromosome capping, which prevents telomeres from being recognized as dsDNA breaks. In addition, the intricacies of DNA replication demand a specialized mechanism for maintaining DNA ends in order to avoid the so-called ''end-replication problem.'' In nearly all organisms, this problem is solved by telomerase, a ribonucleoprotein (RNP) complex that elongates the 3 0 overhang by a reversetranscriptase-like mechanism (Greider and Blackburn, 1987) . However, it remains enigmatic how telomerase finds telomeres within the vast nucleus, and it remains uncertain which of the shelterin proteins regulate the setup of a productive elongation cycle. In this issue, Artandi and colleagues identify a specific interaction interface between the shelterin component TPP1 and the catalytic component of telomerase, TERT (Zhong et al., 2012) . In cultured human cells, this interaction is required for telomerase recruitment to telomeres, and in individuals with mutations in TERT that affect this interaction, severe pathologies arise. These new findings underscore the importance of properly regulated access of telomerase to telomeres and also define its first molecular details.
Telomerase is an RNP with an RNA moiety, called TR or TERC for telomerase RNA component. This RNA not only serves as a scaffold for various proteins but also contains a short sequence element that serves as a template during the DNA synthesis reaction that is carried out by telomere reverse transcriptase (TERT). These two subunits are sufficient for telomeric repeat synthesis in vitro, but not in vivo. Holoenzyme maturation and trafficking require many other steps (see Londono-Vallejo and Wellinger, 2012 for review). Importantly, near the 3 0 end of TR, a substructure typical for H/ACA RNAs is formed. Binding of the dyskerin complex-as well as a protein called WDR79 or TCAB1-there is critical for the normal accumulation of TR and the localization of telomerase in Cajal bodies (Londono-Vallejo and Wellinger, 2012) . However, how this presumably mature telomerase that is stockpiled in Cajal bodies finds its substrate, the telomeres, is a key unanswered question. In fact, Cajal bodies do colocalize with telomeres to a certain extent, and this colocalization appears to be dependent on both Cajal body constituents and TCAB1 (Stern et al., 2012 ); yet it remains unclear which factors are directly involved in the telomere-telomerase interaction in vivo. Pull-down experiments, as well as studies in which telomerase is reconstituted in vitro, previously hinted at the possibility that the shelterin component TPP1 mediates, directly or indirectly, an association with TERT (Xin et al., 2007; Zaug et al., 2010) . Furthermore, experiments targeting TPP1 with small interfering RNA and earlier efforts using fusion proteins have also been consistent with a role for a TPP1/TERT interaction in telomerase recruitment (Abreu et al., 2010; Armbruster et al., 2004) . These in vivo approaches, however, are hampered by the fact that any interference experiments targeting individual shelterin components potentially disrupt telomere function in general. In addition, the low abundance of endogenous telomerase means that it is not easily amenable to quantitative localization studies. In order to bypass these issues, the Artandi group has devised a scheme for targeting TPP1 to lacO arrays via lacI-TPP1 fusion constructs. These experiments reveal that constructs that include all of TPP1, as well as those with only an OB-fold peptide domain of TPP1, indeed recruit TERT to an ectopic, nontelomeric site (Zhong et al., 2012) . Further, specific point mutations in this TPP1 OB-fold domain lost this interaction. Expressing TPP1 constructs without targeting peptides leads to a loss of the interaction of TERT with telomeres, and telomeric DNA is no longer elongated. This is as if the OB-fold domain of TPP1 acts in a trans dominantnegative fashion. Again, this dominant-negative activity is lost if the expressed OB-fold bears specific mutations. Therefore, the OB-fold domain of TPP1 is necessary and sufficient for a direct and functional interaction with TERT and, hence, telomerase that is localized in Cajal bodies. On the TERT side, certain N-and C-terminal areas had been defined as domains that, when mutated, cause a loss-of-telomerase activity on telomeres in vivo yet retain the reverse transcriptase activity in vitro. These DAT (dissociate the activities of telomerase) domains are thus proposed to be recruitment domains (Armbruster et al., 2004 ). In addition, certain patients with idiopathic pulmonary fibrosis harbor mutations in the vicinity of these DAT domains in the TERT gene. Inspired by these ideas, Zhong et al. (2012) found that TERT proteins harboring such mutations indeed have a significantly decreased capacity to interact with telomeres, and they also lose the ability to interact with the OB-fold domain of TPP1. Therefore, a loss of the telomerase-recruiting TERT/TPP1 interaction can lead to a severe impairment of telomere maintenance and can cause disease in individuals, even if the reverse transcriptase activity of telomerase is largely retained in vitro.
However, what is the role of Cajal bodies in all of this? Why does telomerase require this matchmaker for its travels throughout the nucleus? Could it be to find appropriate telomeres willing to engage in a relationship? There are slightly discordant results on the possibility of Cajal-body-independent recruitment in cases of very high telomerase levels (Stern et al., 2012; Zhong et al., 2012) . Nevertheless, Cajal bodies could serve as concentrators of telomerase such that a telomere-telomerase encounter would enlist a number of telomerase RNPs, as has recently been observed in budding yeast (Gallardo et al., 2011) . Also, after telomerase recruitment, does the elongation phase occur inside or outside of the Cajal body, and does the TPP1/TERT interaction change during DNA synthesis, given independent evidence that such interactions are important for repeat addition processivity (Figure 1 ; Zaug et al., 2010) ? Clearly, we are now in a position to uncover many more intimate details of the telomere-telomerase interplay, and perhaps those insights may spur new therapeutic approaches. The six-member shelterin complex assembles into a specific telomeric chromatin complex via associations with single-and double-stranded DNA (top left). The telomerase ribonucleoprotein accumulates in Cajal bodies in a manner dependent on TCAB1 and presumably is primed for an interaction with telomeres. Highlighted in red are the OB-fold domain on the shelterin component TPP1 and the N-and C-terminal TEN and CTE domains of the telomerase catalytic component TERT. Telomerase recruitment requires the interaction between the highlighted domains (middle) in order to establish a productive elongation cycle (bottom). Unanswered questions regarding the elongation phase include: does the elongation occur inside or outside of the Cajal body, and does the TPP1/TERT interaction change during DNA synthesis?
